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1Self-Commutated Current Source Converter with
Multi-Level Current Reinjection
Lasantha. B. Perera
Abstract—The multi-level current reinjection concept de-
scribed in literature is well-known to produce high quality
AC current waveforms in high power and high voltage self-
commutating current source converters. This paper proposes a
novel reinjection circuitry which is capable of producing a 7-
level reinjection current. It is shown that this reinjection current
effectively increases the pulse number of the converter to 72. The
use of PSCAD/EMTDC simulation validates the functionality of
the proposed concept illustrating its effectiveness on both AC and
DC sides of the converter.
Index Terms—current source conversion, self-commutated con-
version, multi-level, harmonics.
I. INTRODUCTION
FOLLOWING more than half a century of improvedreliability, the thyristor based converter has become the
main contender for HVDC systems even today, despite its
main shortcomings, i.e. high content of low order harmonics
and the need to provide varying reactive power. Increasing
the pulse number using transformer phase-shifted multi bridge
arrangements is one of the early proposals to limit the har-
monic content in these converters. This has been proposed as
an alternative to costly filters to suppress low order harmonics
in both AC and DC sides of the converters.
There have been very few multi-level [1], [2] and PWM [3]
proposals reported for self-commutating current source conver-
sion process, for the pupose of reducing the harmonic content
on the AC side of the converter. However, the complexity of
their switching circuitry has so far been a disincentive to their
acceptance.
Although proposals have also been made for HVDC sys-
tems, based on self-commutating current source configurations
[4], [5], they have yet not been found attractive, mainly due
to their requirement of a large interface capacitor to absorb
the inductive energy stored in the AC system during the
commutation process.
A previous contribution [6] has described a self-
commutating multi-level current source converter with a sub-
stantially reduced number of switching components that pro-
duces the same effect as converter transformer phase shifts,
i.e. it increases the number of pulses of the direct voltage
and the number of steps of the AC current waveforms.
Here, the inter-phase reactor (acts as an autotransformer) of
the self-commutated parallel double bridge configuration is
provided with multiple taps connected to GTOs which are
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switched sequentially at six or twelve times the fundamental
frequency. Additionally these reinjection switches are synchro-
nized with the main bridge switching. As the autotransformer
ratio changes with GTO switched tap position, the reinjection
current varies in steps.
In this paper, the GTO switched multi-tap reactor of [6] is
replaced by a reinjection transformer and associated GTOs.
The proposed reinjection circuitry produces a 7-level reinjec-
tion current waveform which would otherwise require seven
reinjection switches and a seven-tap inter-phase reactor.
Although the parallel converter configuration proposed here
is not cost effective for long distance HVDC, where transmis-
sion efficiency requires the use of very high voltages (which
favors the series connection), this can still be competitive for
back to back applications where the magnitude of the DC
voltage plays only a small part in the overall link efficiency.
II. THE CURRENT REINJECTION SCHEME
Fig. 1 shows a parallel-connected double-bridge self-
commutated current source converter (CSC) configuration with
the reinjection circuit included. The interface transformer turns
ratios are arranged as kn : 1 (primary to secondary) for the
Y connection and kn :
√
3 for the ∆ connection as for a
conventional 12-pulse converter. To facilitate the understand-
ing of the operating principle, the converter system is first
assumed to be built by ideal components, i.e. the switches and
transformers are ideal, the DC reactor is of infinite inductance
(such assumptions, however will not be made in the computer
verification).
The DC current which circulates through the reinjection
switches (Spj1, Spj2, Spj3, Snj1, Snj2 and Snj3), the reinjec-
tion transformer secondary windings, smoothing reactor Lm
and the DC load is chopped into AC current waveforms at 6
times the source fundamental frequency in reinjection trans-
former secondary windings with the assistance of reinjection
switches. These currents are coupled to the reinjection trans-
former primary windings to form the multi-level ac current Ij
which when combined with Idc/2 will shape the main bridge
DC output currents IBY and IB∆ into multi-level waveforms.
Due to the fact that the reinjection transformer winding
current direction can be changed by the reinjection switches,
the reinjection transformer winding arrangement in Fig. 1 can
be used to generate an Ij current with seven levels.
Table I shows the corresponding relationship between cur-
rents IBY and IB∆, the required reinjection switches in ON-
state and the current Ij which is used to shape the DC output
currents IBY and IB∆.
The multi-level reinjection current waveforms (IBY and
IB∆) are based on linear stepped approximation described in
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Fig. 1. Reinjection CSC Configuration
TABLE I
REINJECTION SWITCHING COMBINATIONS AND MULTI-LEVEL
REINJECTION CURRENT
ON-State Switches IBY IBY Ij
Spj1 and Snj1 Idc 0 3N6N Idc
Spj2 and Snj1 56 Idc
1
6
Idc
2N
6N
Idc
Spj1 and Snj2 46 Idc
2
6
Idc
N
6N
Idc
Spj2 and Snj2 36 Idc
3
6
Idc 0
Spj2 and Snj3 26 Idc
4
6
Idc −
N
6N
Idc
Spj3 and Snj2 16 Idc
5
6
Idc −
2N
6N
Idc
Spj3 and Snj3 0 Idc − 3N6N Idc
[6]; i.e. each step having same duration and same height. The
gate trigger pulses for reinjection switches and the number of
turns of the reinjection transformer have been determined so
as to synthesize these linear stepped waveforms.
The main bridge switches operate as for the conventional
12-pulse CSC configuration, i.e. each switch is on for 120o
interval in a full cycle and the firing sequence of the rein-
jection switches has to be synchronized with the main bridge
switching.
The reinjection currents (IBY and IB∆) force the main
bridge switches to commutate at zero current. As this condition
does not apply to the reinjection switches, snubber circuits
have to be used for these switches. However due to the fact
that only uni-directional currents pass through these switches,
the snubbers can be simply of the RCD (Resistor, Capacitor
and Diode) type.
III. THEORETICAL CURRENT WAVEFORMS
With reference to Fig. 1, the converter system output line
current IA(ωt) is
IA(ωt) =
1
kn
[IaY (ωt) +
√
3Ica∆(ωt)] (1)
where kn is the interface transformer turns ratio.
The corresponding current waveforms are illustrated in
Fig. 2.
According to [6], the Total Harmonic Distortion (THD) of
the output current is
THDI =
√
2I2Arms
I2A1
− 1
∣∣∣∣∣
m=7
= 2.78% (2)
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Fig. 2. Theoretical Current Waveforms of the Reinjection CSC
IV. THEORETICAL DC SIDE VOLTAGE WAVEFORMS
The following expressions can be written for the converter
side phase voltages of the Y and ∆ connected bridges:
VY (ωt) =
1
kn
[ VA(ωt) VB(ωt) VC(ωt)]
T (3)
V∆(ωt)
=
1
kn
[ VA(ωt+ 30
o) VB(ωt+ 30
o) VC(ωt+ 30
o)]T
(4)
For steady state operation with the time reference specified by
the output current waveform (in Fig. 2), the DC side voltages
across the bridges (VdcY and Vdc∆) can be described by the
phase voltages across the individual bridges and the switching
functions fsY and fs∆ of the Y and ∆ connected bridges
respectively, i.e.
VdcY (ωt) = fsY (ωt) · VY (ωt) (5)
Vdc∆(ωt) = fs∆(ωt) · V∆(ωt) (6)
where
fsY (ωt) =


[0 −1 1] 0 < ωt < pi
6
[1 −1 0] pi
6
< ωt < pi
2
[1 0 −1] pi
2
< ωt < 5pi
6
[0 1 −1] 5pi
6
< ωt < 7pi
6
[−1 1 0] 7pi
6
< ωt < 9pi
6
[−1 0 1] 9pi
6
< ωt < 11pi
6
[0 −1 1] 11pi
6
< ωt < 2pi
(7)
fs∆(ωt) =


[1 −1 0] 0 < ωt < pi
3
[1 0 −1] pi
3
< ωt < 2pi
3
[0 1 −1] 2pi
3
< ωt < pi
[−1 1 0] pi < ωt < 4pi
3
[−1 0 1] 4pi
3
< ωt < 5pi
3
[0 −1 1] 5pi
3
< ωt < 2pi
(8)
These waveforms are plotted in Fig. 3(b) in p.u. with respect
to the peak phase source voltage.
With reference to Fig. 1
VM (ωt) = Vdc∆(ωt)− VdcY (ωt) (9)
VX(ωt) =
1
2
[VdcY (ωt) + Vdc∆(ωt)] (10)
and according to the switching sequence of the reinjection
switches, voltage VZ(ωt) is expressed as
VZ(ωt) =

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The VX , VM and VZ waveforms are shown in Fig. 3(c), (d)
and (e) respectively. The DC load voltage given by
Vdc(ωt) = VX(ωt) + VZ(ωt) (12)
is shown in Fig. 3(f) for a delay angle, α = −45o in the
main bridge switches. The harmonic spectrum of the DC side
voltage is shown in Fig. 4. From these results it is clear that
the 72-pulse related orders (i.e. the 72nd and 144th) become
the predominant harmonics.
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V. PSCAD/EMTDC VERIFICATION
The PSCAD/EMTDC program is used here for the verifica-
tion of the theoretical results derived earlier with the 7-level
configuration (Fig. 1). The basic PSCAD converter model has
been modified to accommodate the reinjection transformer and
the related triggering logic of the reinjection switches.
The simulation is carried out under the following conditions:
the nominal impedances of the interface transformer, the inter-
phase reactor and the reinjection transformer are 5%, the basic
operating frequency of the inter-phase reactor and the rein-
jection transformer is 300 Hz (i.e. six times the fundamental
frequency); the load branch inductance is set to 2 H and the
resistance to 1Ω. The converter is directly connected to a
balanced three-phase voltage source representing the power
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Fig. 5. Simulated Current Waveforms of Proposed CSC
system.
Figs. 5 and 6 show the PSCAD simulated results when the
converter is absorbing 100 MW and generating 100 MVAr
(corresponding to a firing delay angle of -45o). With reference
to the output current, the simulated waveform and its spectrum
(Fig. 5(e) and (f)) show a predominantly 72-pulse operation
like in the theoretical case (Figures 2(e) and (f)). The THD
of the simulated waveform is 2.77%, which compares well
with the theoretical value of 2.78%. Both the theoretical
and simulated output current show a small amount (around
the 1%) of 11th and 13th harmonic content. The current
waveforms of Fig. 5 are slightly different from the theoretical
step waveforms due to the presence of snubber circuits of
the reinjection switches; these circuits absorb the leakage
inductive energy and turn it into capacitive energy during each
switching transition.
Like in the theoretical results (shown in Fig. 4, the DC
voltage output spectrum (Figure 6(b)) also shows a small
content of 12-pulse related harmonics and a predominant 72-
pulse operation.
Thus, the harmonic levels derived from the PSCAD verifi-
cation clearly confirm that this converter requires no filtering
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on either side.
The main difference between the theoretical and simulated
results is the presence of turn-off related spikes observed in
the latter (Fig. 6(a)). These spikes are caused by the forced
cancellation of the current steps in the reinjection switches.
VI. CONCLUSIONS
A new multi-level current source converter based on the
self-commutated parallel double-bridge configuration has been
described for high voltage and high power applications such as
HVDC back to back links. It combines better DC current con-
trol with the high degree of controllability of self-commutated
conversion. The reinjection currents force the main bridge
switches to commutate under zero current compared to the
conventional self-commutated 12-pulse CSC which commu-
tates under full DC load.
This configuration has been shown to produce AC current
waveforms with 2.78% THD. All the lower order harmonics
are held within 1%. On the DC side, the largest voltage
harmonic, the 72nd, is kept within the level expected in a
conventional converter. Based on linearity and equal incre-
ments, this configuration can be built up by the same type of
components, which is a significant advantage in high power
applications.
The additional components have to be weighed against the
need for substantial AC and DC filters in the conventional
configuration. It is not possible to make a straight forward
economic comparison between the conventional and the rein-
jection schemes for a variety of reasons. Prominent among
them are the variety and the high cost of the passive filters
(of up to 10% of the total cost of the converter plant) and the
large capacitance required in them, which is often a source of
parallel third harmonic resonance with the system impedance.
APPENDIX
PARAMETERS USED IN PSCAD/EMTDC SIMULATION
Interface transformer
Type 3-phase, 3-winding (Y −∆− Y )
Nominal impedance 5%
Basic operating frequency 50 Hz
Power rating 100 MVA
Voltage rating 57.735 kV/100 kV/57.735 kV
Reinjection transformer
Type Single phase, 3-winding
Nominal impedance 5%
Basic operating frequency 300 Hz
Power rating 25 MVA
Voltage rating 48 kV/24 kV/8 kV
Inter-phase reactor
Type Single phase, 2-winding
Nominal impedance 5%
Basic operating frequency 300 Hz
Power rating 15 MVA
Voltage rating 25 kV/25 kV
Snubber circuits
Snubber circuits are only used in the reinjection switches.
Snubber type RCD
Resistance 1 kΩ
Capacitance 0.2 µF
Load branch inductance 2 H
Load branch resistance 1 Ω
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